The effects of water table management practices (WTMP) on corn growth in 1989 and 1990 at two field sites, Ames and Ankeny, Iowa, were evaluated by calculating crop water stress index (CWSI) and monitoring plant physiological parameters during the growing seasons. Experiments were conducted on field lysimeters at the Ames site by maintaining water tables at 0.3-, 0.6-, and 0.9-m depths and in a subirrigation field at the Ankeny site with 0.2-, 0.3-, 0.6-, 0.9-, and 1.1-m water table depths, and periodically measuring leaf and air temperature, transpiration rate, stomatal conductance, and photosynthetically active radiation (PAR) using leaf chamber techniques. Net radiation of canopy was estimated using the leaf energy balance equation and leaf chamber measurements and then correlated with PAR. Analysis of data revealed that net radiation, leaf air temperature differential, transpiration rate, stomatal conductance, and CWSI were strongly related to WTMP during vegetative and flowering stages of corn growth. Excess water in the root zone with a water by maintaining water tables at 0.3-, 0.6-, and 0.9-m depths and in  a subirrigation field at the Ankeny site with 0.2-, 0.3-, 0.6-, 0.9-, and 1.1-m water table depths , and periodically measuring leaf and air temperature, transpiration rate, stomatal conductance, and photosynthetically active radiation (PAR) using leaf chamber techniques. Net radiation of canopy was estimated using the leaf energy balance equation and leaf chamber measurements and then correlated with PAR. Analysis of data revealed that net radiation, leaf air temperature differential, transpiration rate, stomatal conductance, and CWSI were strongly related to WTMP during vegetative and flowering stages of corn growth. Excess water in the root zone with a water table depth of 0.2 m caused the maximum crop water stress and ceased crop growth. Both water and oxygen could be adequately maintained for favorable crop growth by adopting the best WTMP. Results indicate that plant physiological parameters and CWSI could be used to evaluate the effectiveness of WTMP and develop the best WTMP for corn growth in the humid region.
INTRODUCTION
Water table management in the artificially drained areas of Iowa is very important to sustainable agriculture because about 40% of Iowa's corn and soybean acreages are currently artificially drained. Optimum water table management practices (WTMP) that include drainage, controlled drainage, and/or subirrigation have the potential to increase net farm returns in terms of crop yield and to reduce chemical transport through soil profile to groundwater [Kalita and Kanwar, 1989 ]. These practices need to be evaluated for both high yields and low pollutant discharge. The benefits of drainage and subirrigation to crop production are well documented [Kanwar, 1988; Kanwar et al., 1988; Kalita and Kanwar, 1989; Evans et al., 1990] . Extensive work has been done in the Netherlands during the 1950s to establish relations between average seasonal water table depths and crop yields. Wesseling [1974] reported that reduced oxygen supply to the roots resulting from shallow water table depths leads to decreased rate of transpiration, nutrient uptake, photosynthesis, and crop growth. In the north central region of the United States, WTMP could result in 1250 to 1500 kg ha-• increase in corn yields and 625 to 2500 kg ha-• increase in soybean yields [Schwab et al., 1985] .
Water table management practices help maintain adequate soil moisture and soil air in the crop root zone and create favorable plant growth conditions. The quantity of soil moisture and soil air in the root zone, however, depends on the depth at which the water table is maintained. On the basis of the availability of soil moisture and soil air in the root zone, crop physiological growth differs significantly, and transpiration rates, stomatal conductivities, photosynthesis rates, and canopy temperatures vary. Canopy temperature has long been recognized as an indicator of water availability to plants [Wiegand and Namken, 1966] . ldso et Copyright 1992 by the American Geophysical Union.
Paper number 92WR01430. 0043-1397/92/92WR-01430505.00 al. [1977] and Jackson et al. [1977] used canopy air temperature differential as an index of crop water status. The daily crop evapotranspiration has also been successfully estimated from one-time measurement of the day using a factor readily calculated from day of year and time of day for latitudes between 60øS and 60øN [Jackson et al., 1983] . Extensive work has been done to relate plant water stress to the canopy temperature [Idso, 1982; Jackson, 1982; Jackson et al., 1977 Jackson et al., , 1981 Idso et al., 1981 Idso et al., , 1982 Idso et al., , 1984 Idso et al., , 1985 Idso et al., , 1986 Jackson et al. [1981] described energy balance considerations while developing CWSI from the canopy measurements. They approximated net radiation as 0.75 of the incoming solar radiation based on experimental results of Fritschen [1967] . Fritschen [1967] observed from a series of experiments on irrigated crops at Phoenix that the ratios of net and solar radiation were 0.75, 0.65, 0.80, 0.75, 0.73, 0.75, and 0.73 for alfalfa, barley, wheat, oats, cotton, sorghum, and all crops, respectively. Monteith and Szeicz [ 1962] found from experiments in England that net radiation as a percentage of solar radiation income was 37% for bare soil, 41% for short grass, 46% for tall crops, and 53% for water. They also reported the results of another study by Roach (1955) , who observed during summer at Kew that net radiation was 50% of solar radiation for turf. These studies indicate that the relation between net and solar radiation may vary depending upon type of crops and location.
Crop water stress index has been a useful tool for quantification of crop water stress and irrigation scheduling. It essentially quantifies crop water stress instantaneously for an area of a field using infrared and wet-and dry-bulb air thermometer and estimated value of net radiation in minutes . This index could be used to detect the 2753 occurrence of nonpotential transpiration, evaluate the amount of extractable water from the soil, and separate total plant water potential into atmospheric-and soil-induced components . With the development of leaf chamber techniques the canopy measurements have become much faster and easier, and CWSI has the potential to evaluate various aspects of a crop production system. The leaf chamber measurements, however, maintain higher values of evaporative demand in the chamber than those in the external environment [Grantz and Meinzer, 1991] . The leaf microenvironment is altered by closure of leaf chamber [Monteith, 1990] as noted by Idso et al. [1986 Idso et al. [ , 1987 Idso et al. [ , 1988 . Grantz and Meinzer [1991] suggested that when large changes occur in the microenvironment, measurements must be made rapidly and related to conditions at the leaf surface before enclosure of leaf in the leaf chamber.
In this study, energy balance and CWSI concepts were used to evaluate the effects of WTMP on corn growth in the humid regions. To the best of authors' knowledge, this is the first study in which these concepts were used for water table management. Two years of field data were collected from two different locations in Iowa where five different water table depths were studied. The overall objective of this study was to determine the value of net radiation and CWSI for different WTMP. This study also evaluates the effects of various WTMP on corn growth.
THEORETICAL INVESTIGATIONS
The energy balance concept has been reviewed here to show the development of CWSI and to demonstrate how net radiation is estimated from the leaf chamber measurements.
Measurements of leaf and air temperature and CO2 exchange between individual leaves and the atmosphere have been greatly facilitated by leaf chamber techniques. Stomatal conductance, transpiration rate, and intercellular CO2 concentration can be estimated using these instruments. Leaf chamber measurements are invaluable aid to the study of crop growth and its dependence on environmental and agronomic factors. The measurement techniques are discussed later in "experiments" section. Through an analysis of the leaf's energy balance in the chamber, it is possible to obtain alternative determinations of quantities such as transpiration, leaf temperature, or net radiation.
Energy balance concept: The surface temperature of vegetation is the equilibrium temperature at which the net increase in energy from incoming radiation is exactly equal to the energy loss in the form of sensible and latent heat transfer from leaves to the surrounding air [Monteith and $zeicz, 1962] 
In ( 
RESULTS AND DISCUSSION
Net and photosynthetically active radiation and water table depth: The relation between net radiation of the canopy and irradiance measured during the 2-year study period is shown in Figure 4 . In this study, net radiation of the canopy was only discussed since energy exchanges at the soil surface were neglected in (6) and (14). Irradiance is defined as the incoming solar radiation received by the leaf surface. In studies of physiological processes it is appropriate to express irradiance as photosynthetically active radia- Jackson [1982] from some experiments on wheat; the experiments showed that, as the wheat matured, green leaves began to die, causing transpiration to decrease, and thus, after an irrigation, plant temperature remained high, causing a high CWSI even though the fraction of extractable water used was low. He also reported that a reduction in growth rate was imminent for CWSI greater than 0.3 and that for CWSI equal to 0.5, net growth would cease and might decrease. He suggests that irrigation should be given when CWSI is within 0.3-0.5, and the precise value should be determined by water availability and other management factors. It was observed from the subirrigation field that, CWSI values with 0.2 m water table depth exceeded 0.5 during the peak vegetative growth stage and that the plant growth completely stopped. Therefore, supporting Jackson's statement, the author also suggests that excess water should be removed by lowering the water 
